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Project Introduction

Energy storage is a major concern for space technology. Many functions on
spacecraft and on the International Space Station run solely on electrical
energy to power its lights, run life-support systems, energize its computers,
and conduct scientific studies. Therefore, secondary batteries that can be
reliably charged and discharged for many cycles are an important aspect of
space technology. Among all the electrical energy storage devices, lithium-ion
batteries have the highest energy density and excellent cycling stability, and
are likely to play a dominant role in the next generation portable power
market. A crucial requirement for space travel is that materials are lightweight
and compact. The use of nanotechnology is a potential solution for reducing
material weight while achieving superior results. Nanoparticles are often used
as electrode materials for lithium ion batteries, and have additional
advantages because they modify the chemical potentials of Li-ions and
electrons, thereby enhancing performance. The nanoparticulate layers should
have high surface areas to ensure high Li-ion flux, yet the distance Li-ions
need to travel within nanoparticles should be short to increase the rate of
charge and discharge. To meet both of these goals, structures should contain
interconnected mesoscopic pores, which would allow for a fast intercalation
rate while maintaining a structured path for electron flow. My proposed
research project is to develop hierarchical oxide nanostructures for high
performance lithium ion batteries. This includes utilizing electrospinning and
electrospray techniques in conjunction with sol-gel and hydrothermal
processing to fabricate 1D nanofibers and 3D nanospheres which contain fine
nanocrystalline particles with sizes in the range of 10-20 nm, and then use
these as a basis for further development of hierarchical nanostructures. The
nanoparticles within nanofibers and nanospheres increase surface area and
interface area, shorten the diffusion path, and enhance surface chemistry
while the 1D fibrous geometry forms a preferred direct transport path for
electron movement. Hierarchical oxide nanostructures have the additional
advantage of being able to accommodate strains that result from reversible
intercalation of Li-ions in the crystalline lattices of electrodes. The strains are
often associated with structural damage to the electrode material, which are
the primary factors leading to battery failure. In order to analyze the ability of
materials to reversibly intercalate Li-ions, the electromechanical response of a
battery electrode can be tested using scanning probe microscopy. Using the
scanning probe microscope tip to apply a bias to the surface of the electrode,
the motion of lithium ions can be correlated with changes in the topography of
the material. In addition, such studies could measure the local diffusion rates
of lithium ions as they relate to crystalline structure and grain boundaries.
Such studies would lead to an increased understanding of the role of material
and microstructure on Li-ion motion in batteries, and could be correlated to
energy capacity and cycling stability.
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